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Barry, P. S. L. (1975). British Journal of Industrial Medicine, 32, 119-139. A comparison of
concentrations of lead in human tissues. This postmortem study of lead concentrations in the
tissues of 129 subjects is an extension to a report by Barry and Mossman (1970). Lead
concentrations in bone greatly exceeded the concentrations in soft tissues and were highest
in the dense bones. Bone lead concentrations increased with age in both sexes, more especially
in male subjects and in dense bone, varying between mean values of 2-16 ppm in the ribs of
children to over 50 ppm in the dense petrous temporal bones of elderly male adults. Male
adults contained over 30%, more lead in their bones than females.

Mean concentrations of lead in the soft tissues varied from less than 0-1 ppm in organs
such as muscie and heart to over 2 ppm in the aorta. In most tissues with lead values in
excess of 0-2 ppm the male concentrations exceeded female values by about 30%,. With the
exception of the aorta, spleen, lung, and prostate. lead concentrations did not increase with age
in the soft tissues of either sex after about the second decade of life.

Children showed concentrations of lead in their soft tissues comparable to female aduits,
but the concentrations in bone were much lower. It is suggested that children do not possess
the same capacity as aduits to retain lead in bone.

In male adults occupationally exposed to lead the concentrations of lead in bone exceeded
the concentrations in unexposed male adults within the same age group by two- to three-
fold. Soft tissue lead concentrations between the two groups were less divergent.

An assessment of the total body burden of lead revealed higher levels in adult male subjects
than in females at mean values of 164-8 mg compared to 103-6 mg, respectively. Over 90% of
the total body burden of lead in aduits was in bone, of which over 70%; was in dense bone.
Male adults occupationally exposed to lead had mean total body burdens of 566-4 mg Pb, of
which 97% was in bone.

The release of lead from bone in conjunction with calcium was not considered to be of
physiological significance.

Lead concentrations in hair and nails were higher than soft tissue lead concentrations
and varied widely. Hair lead measurements were not considered to provide a reliable assess-
ment of lead absorption.

The concentrations of lead in the tissues of a mixed group of subjects with no known occu-
pational exposure to lead have been shown to be comparable to the findings in earlier studies.
Present levels of lead in the environment are not considered to be a hazard to the health of
the population in general.

In the past few years much attention has been paid trations of lead in man. A great deal of investiga-

to the possible health effects of low level concen- tory work has been undertaken with a view to

1A full set of the data. some of which are not tabulated in this  defining the pathways of lead metabolism and

report, may be obtained from the author on request. mechanisms of interference with physiological
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funcuon irrespective of whether such interference
may be of significance in relation to heaith.

High leveis of lead tntake have been known for
many centuries to cause clinical illness in man. The
observauons of Hippocrates {370 BC). Pliny (AD
23-79). and Dioscorides (AD 100) have been docu-
mented by Hunter (1957). In later times Ramazzini
(1713), Sir George Baker (1941). Thomas Per-
cival (1774), and Tanjuerel des Planches (1848)
described lead poisoning from various sources in
people with differing occupations and habits.

However it was not until the publication by
Kehoe, Thamann, and Cholak in 1933 ‘On the
normal absorption and excretion of lead’ that 1t was
appreciated that lead was an inevitable constituent
of body tissues by virtue of the ubiquitous presence
of the metal on the surface of the earth. At the
present time no useful function is known to be served
by iead in the body.

The purpose of this study, an extension and
follow-up 10 an earlier study by Barry and Mossman
(1970). is to report the concentrations of lead found
in the tissues of a largely urban contemporary
population from a heavily industrial part of the
north-west of England and to draw tentative con-

clusions from the data.

Study outline

Between May 1966 and May 1973 up to 35 different
organs and tissues from a total of 129 cadavers were
analysed for lead content. Out of this total 119 (60 male
adults, 36 female adults. and 23 male and female children
aged 16 years and under) had no history of occupational
exposure to lead. Seven of the remaining 10 subjects, all
male adults, had defined histories of occupational
exposure to lead. It was concluded from a study ot the
data that the other three, from whom no history of
occupation was obtained. had probably had an unusual
past exposure to lead.

A wide distribution of age,. limited only by availability
of subjects. was obtained. Causes of death were varied, as
were past ilinesses and occupations during life. As all
cases were subjected to postmortem examination for
reasons associated with unusual or ill-defined causes of
death, they might be considered unrepresentative of a
normal population. Apart from this reservation however
and considerations of age distribution and sex. no attempt
was made to select cases for the study.

The preparation of sampies and the analyticat tech-
nique employed were the same as reported in the earlier
study of Barry and Mossman (1970).

Resuits

For the most part results have been recorded in parts
per million in wet weight of tissue on the samples as
received. Exceptions included bones where a com-
parison was made in parts per million on wet weight
and dry weight, and in the assessment of total body
burden which was measured in milligrams.
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A wide variation in lead concentrations in tissues
between individual subjects was noted. particularly
in bone.

The first section of this report is concerned with
male and female subjects with no known occupa-
tional exposure to lead.

No known occupational exposure to lead

1. Sex difference A comparison of the concentrations
of lead in the tissues of male and female aduits over
the age of t6 years is represented in Table |I. The
mean concentrations of lead in the various bones
examined exceeded mean individual soft tissue
concentrations in both sexes by a considerable
margin. Mean bone lead concentrations varied
between 8-85 ppm in rib to 33-71 ppm in the petrous
temporal bone in male subjects, compared with 6-77
ppm and 26:63 ppm respectively in females. These
values represent a ratio of mean concentrations of
lead in the bones of male adults compared with
female adults of approximately 1-3:1. They agree
quite closely with the mean values reported by
Kehoe in 1961 and 1963 and confirm the difference
between long and flat bones noted by Tompsett in
1936.

The concentrations of lead in malie soft tissues
exceeded the values in equivalent female tissues by
about 30°; in most of those tissues where mean lead
values exceeded 0-2 ppm. In tissues with mean lead
values of 0-2 ppm and less there was no difference
between the sexes.

In both sexes the kidney cortex showed a higher
mean concentration of lead than the kidney
medulla by about 50°;. Allcroft (1951) found that
the kidney cortex contained higher concentrations
of lead than the medulla in bovine animais poisoned
by lead. Goyer and Rhyne (1973) have shown that
lead tends to concentrate in the region of the proxi-
mal convoluted tubules. the straight parts of which
extend into the renal cortex.

The lead concentration in male kidney tissue
exceeded the concentration in female kidney by more
than 30°;, as also did the male liver and pancreas.
Atheromatous aorta in maie subjects at a mean lead
concentration of 2-:56 ppm was more than double the
female value of 117 ppm, while non-atheromatous
aortic mean values were approximately the same in
both sexes, 1-82 ppm in males and 1-70 ppm in
females.

The mean iead concentrations in the hilar lym-
phatic glands were approximately the same in both
sexes, 0-50 ppm in males and 0-46 ppm in females.
These values were about double the mean concen-
tration of lead in lung in both sexes of 0-22 ppm, and
suggest that pulmonary macrophage activity may
have been responsibie for the higher values found in
the hilar glands.

Hair in female subjects showed mean lead values
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TABLE !

CONCENTRATIONS OF LEAD IN TISSUES OF
EXPOSURE TO LEAD |

SUBIECTS WITH NO KNOWN OCCUPATIONAL
ppm WET WEIGHT)

: Male adults Female aduits
Tisswe
Nooof o Mean SD Range No.of | Mean sD Range
ramples | samples

Bone

Petrous temporal 30 nn 234 6:70- §9-00 16 2663 1542 7-50-62.00

Tibia 60 2340 1596 300- 73-00 36 1599 1249 1-50-48-00

Calvarium | k] 2017 16-00 39 W 17 16-46 13-08 5-00-54-20

Rib ] 385 5-81 0-90- 28-50 36 677 508 085-22-60
Hair Loy 1 use 505 1-00- 20-00 18 1139 14 89 0-70-55-00
Natls 28 2 146 068- 1500 I $ 58 422 1 50-15-00
\orwa

Atheroma n 2-56 139 U2t- 17-20 16 117 1-23 069 420

Non-atheroma 42 182 247 Uu9- 1270 22 [ 70 264 007-12 20
Liver 58 103 062 0-18- 313 36 0-66 038 019- 1-72
Dense conacctive tissue

Carnlage 18 1-29 t-58 00s- 480 12 056 [ }] 0-08- 17§

Ligamentum nuchae 16 033 u 29 0-:0)- 090 1 037 02 010- 086
Kidney

Cortex 59 0-78 0-38 015 135 s 0-53 039 010- 2:20

Medulla 9 050 915 O13- 146 36 038 019 o11- 097
Hilar lymphatics 56 0-50 0-57 0-06- 288 34 046 028 0-03- 1-20
Pancreas 58 037 026 009- 142 36 0-27 017 011- 098
Prostate 53 017 0-51 0-03- 282
Ovary 25 026 0-31 0-C3- 1109
Skin 2 019 014 0-01- 060 20 0ls 011 0-03- 042
Spleen 59 023 018 0-03- 143 34 0-2} 026 0-04- 1-40
Lung 59 c-22 o 0-0s- 059 36 0-22 012 0-04- 0-5S
Thyroid 5s 019 023 0:05- 1-45 lo 0-21 030 0-04- 1'73
Blood 53 0-20 012 003. 079 30 016 010 004- 041
Suprarena!} 54 015 o-n C-0l- 062 27 017 ol 0-0S- 0-48
Brain

Cortex 58 010 014 0-02- 073 4 012 015 0-01. 0:67

Basal gangtia 34 009 004 004- 019 17 o1l 005 0-08- 0-23
Fat

Subcutaneous 23 0-08 0-08 0-01- 040 20 0-06 0-04 0-02- 0-16

Omentum 19 o1 o-n 0-02- 0-52 14 008 0-03 003- 013
Gut

Caecum 32 009 0-06 0-33- 027 27 o014 014 0-02- 068

Midgut 3 012 0-06 005 032 27 012 010 0-03- 048

Stomach 32 0C9 0-03 0-0)- 025 26 o-n 0-10 002- 042
Testis 43 0-08 004 0-02- 0-28
Heart 59 0-07 0-0S 0-01- 030 36 0-08 0-06 0-02- 031
Muscle 1S 0-05 004 0-02- 023 29 0-08 0-03 00l 015
Faeces (uy g ash) 50 17-39 12:40 . 2-20- 5940 29 17-69 18-11 2-80-80-00
Urine (ug'h) 4 39-58 43-80 8-00-192-00 10 238 2527 5-00-90-00

nearly twice those of males (11-49 ppm in females and
6:56 ppm in males), but nails showed nearer the
same values (5-58 ppm in females and 4:72 ppm in
mailes). These particular tissues will be discussed later
in this report.

2. Bowme The distribution of frequencies of occurrence
of lead in the bones (wet basis) of male and female
subjects of all ages showed approximately 90°; of
the lead in rib values in both sexes to be less than
1S ppm, compared with nearly 609 for tibia and
calvarium and nearly 40°; for the petrous temporal

bone. Of the 20 results of lead in male tibia in
excess of 30 ppm, 17 were from men over the age of
55 years; of the remaining 51 results of less than 30
ppm, 12 were from men in this same age group. The
dense petrous temporal bone contained the highest
concentrations of lead among the four bones
examined in both sexes, and the vascular rib the
lowest conceptrations (Table 1).

It was reported by Barry and Mossman (1970) that
the frequency distribution ol the lead content of male
tibia was biphasic. The present data, which included
those of the earlier report, did not indicate evi-
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dence of a biphasic distribution. [t would seem that
the greater number of incorporated values have
smoothed out the previous pattern. The contention
in the earlter report that the male subjects comprised
two groups suggesting two distinct categories with
respect to magnitude of exposure to lead. or that the
opportunity for exposure may have been greater in
the past. cannot be held tenable in the light of the
present evidence.

The lead concentrations in the four varieties of
bone examined were compared on a basis of ash
weight versus wet weight in 46 subjects of both sexes.
These results included those reported at the Inter-
national Symposium on Environmental Health
Aspects of Lead, Amsterdam, 1972 (Barry. 1973).
On wet weight, for all subjects, the mean lead
concentration of 5-9 ppm in rib was approximately
one third of the values recorded in calvarium and
tibia and less than a quarter of the concentration in
the petrous temporai bone. Mean wet weight values
for the 21 male adults showed rib at 7-4 ppm with just
over a quarter of the lead conceatrations of cal-
varium and tibia and less than one fifth of the
petrous temporal bone. In 14 female adult ribs, with
a mean lead concentration of 5-8 ppm, the cor-
responding values were less than a half and less than
4 quarter.

Wet weight values in 11 children showed the
concentrations of lead in all four bones to be more
approximate, with rib over half that of the petrous
temporal bone, at 31 ppm and 56 ppm respec-
tively.

On ash weight measurement the female adults
showed a mean concentration of lead in rib which
approximated to the mean concentrations in
calvarium and tibia, i.e., between 16-9 ppm and 19-0
ppm. but about half that of the petrous temporal
bone. In male adults the mean lead concentration
in rib was more than 75 % of the values recorded for
calvarium and tibia, i.e., 27-7 ppm compared to
339 and 373 ppm respectively, and about half of
the concentration in the petrous temporal bone of
54:2 ppm. The ash weight results for adult ribs
related closely to those reported by Hislop er al.
(1973). In children the mean ash weight concentra-
tion of lead in rib of 8:3 ppm equated with that of the
petrous temporal bone but was approximately 25%;
greater than the values recorded for calvarium and
tibia.

The ratios of ash weight to wet weight for the
calvarium, tibia, and petrous temporal bones were
nearly the same, between 1-3:1 and 1-6:1 for both
male and female adults and children. The ash weight/
wet weight ratio for rib was 4=ksd=~in male adults and
2:9:1 and 2-7:1 respectively in female adults and
children.

Assessment by ash weight brought the concen-
trations of Jead in rib closer to those of the other
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bones, but in adults a distinct difference remained
between rib and the petrous temporal bone. Thus
these findings do not support the view that analytical
results reported on a basis of ash weight are neces-
sarily uniform irrespective of the type of bone. as was
suggested in the report of the National Research
Council (1972).

3. Effect of age on tissue lead concentrations (a) Bone:
The data in Figs | and 2 and in Tables 2 and 3
demonstrate that lead concentrations in the bones
(wet weight) increased with age in both sexes. Male
subjects showed a more pronounced increase than
females. The petrous temporal bone, in addition to
having the highest concentrations of lead, showed the
steepest rise of lead concentration with age in both
sexes, followed by the tibia and then the calvarium,
Rib showed the lowest rate of increase in both
sexes, particularly in females. There was no evidence
of decrease of lead concentration with age in the
bones of either sex. These findings agree with those
of Morris (1940).

Schroeder and Tipton (1968) suggested that at the
fifth decade of life the lead concentrations in bone
levelled off and thereafter decreased. Their measure-
ments were based upon concentrations of lead in rib
in a mixed group of male and female subjects. In the
70 and 80-year-old age groups they amounted to a
total of three results in female subjects only. Our
findings indicate a definite difference in lead con-
centrations in comparable bones between sexes and
that an extrapolation of results obtained from rib
alone would not provide a valid representation of the
lead content in the whole skeleton.

(b) Soft tissues: The data presented in Tables 2 and
3 demonstrate that the majority of the soft tissues
did not show an increase of lead concentration with
age after about the second decade of life. Exceptions
were the aorta and to a lesser extent the spieen and
lung in both sexes, as shown in Figs 3 and 4. In
addition, the prostate, and also the cartilage in
females, showed minimal evidence of increase of
lead concentration with age. None of the other
tissues examined showed evidence of increased lead
concentration with age in either sex, but the skin,
subcutaneous fat, and muscle showed a marginal
decrease of lead concentrations with age in both
sexes, as did the testis and faeces in male subjects.

Children
The tissues from 23 infants and children up to 16
years of age were analysed for lead content. Of this
number, 14 were male subjects and nine female; 18
were under the age of 10 years (nine of each sex).
There was no apparent difference in tissue lead
concentrations between the sexes.

The lead concentrations in all of the tissues
examined are given in Table 4. Mean bone lead
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TABLE 2

AGE GROUPS—MaLES
TissUE LEAD CONCENTRATIONS—ppm WET WEIGHT

dge trear
99 n-19 265.09
Tivawe
No Mean \o Mean \o Veun
(Range) (Rarge) (Ranee)
Bone
Petrous temporal 3 ss0 4 198 ’ 9 86
(1:20-8-10) (3 40-16:00) 16°70-1 5401
Tibia 7 241 7 153 ] 641
1021 540 {1 %0-12.50) 13 00-12 30
Calvarium 3 510 4 490 ] 649
(100- A7) tt 0. 9001 (3 10-11 800
Rib 9 183 ] 309 9 403
001 390) (1 00 6 96) (1 7% S 60)
Hawr 2 610 s ® 66 7 928
(3 20- 9000 (2 30-19 00y (1 20-19 00)
Nais 1 §5.00 3 1200 + 7438
{6 00-15 00) ($ 30- 9000
Aorta
Atheroma 0 ) 0 06 ] 021
0-03- 009 021- 024
Non-atheroma 4 o9 6 143 9 [ T]
(0-04. 0-29) (0 04- 990} 010- 1 01
Liver 9 068 ] 082 ] 1
(0 08- 1-24) (0 34- 1 36) (0 44 | 80)
Dense connective issue
Caculage . 3 a2 3 012 2 ooy
(0-06- 0-44) 10-04- 0-22) (003 012y
Ligamentum nuchae. . 1 018 3 04} 2 026
(N 09- 1 00Y (0-20- 0:31)
Kidney
Cortex ] 040 8 037 9 107
{0-01. 1:05) (034 1-00) (0 $5- t 8%
Medulla & 0 8 043 9 0852
(0-01- 0-30) (024 O81) ©2-071
Hilar iymphatics 3 066 7 061 7 046
(0-04. |-40) (0-10- 1-70) 0-13- 1-7%)
Pancreas [ [ 2]] 3 036 9 050
(0-26- 0-68) 022. 061 0¥ 1 20y
Proswate .. 3 03 [ 013 9 009
(0-10- 0-50) (¢-03- 0-29) 004 04 %)
Skin 3 029 4 036 3 -
(0-07- 0-6%) 0-15- 0-70) (0-28- 0-60)
Spleen 9 012 ? 014 9 012
(0-06- 0-18) (0-07. 0:21) (0 03- 024)
Lung 9 o1t 3 018 9 016
(0-01- 0-42) {0-09. 040) t0-11. 0200
Thyrosd . 6 o1 6 0-20 ] 013
001- 042 (0-07. 041} (0-08- 0-211
Blood 6 0% 6 030 ] 019
(004- 013y (0-07- 0-79) (0-08. 025)
Suprarenai s 031 [] o117 8 018
©-01- 087 (0-04- 027 (0-08- 038)
Brain
Cortex 9 0-06 s 0-09 9 007
@01 ¢20) 002- Ot (004 Q09
Basal ganglia . . 3 018 5 [ 2 }] ] 009
(0-08- 0 24) (0-04- 0-18) (0-05- 016
Fat
Subcutaneous. . 3 027 4 030 ) o0
©018- 039 {0-03. 0-58) (004 0-18)
Omentum . 2 oy 3 o1t 3 010
0-08- 0-17) (0-05- 016} (0-06- 0-14)
Gut
Caecum 6 01l 4 01is 2 0-06
0-0t- 021 0-04- 0:21) (0-04- 00T
Midgut A om 4 013 2 0-09
(0-03. 017 {0-06- 019) (0-03- 01
Stomach . 7 0-07 4 012 2 (R
(0-0t. v20) (0-04- 0-2%) (0-06- 0200
Tesis 3 o1 6 009 9 [0
(0-0» 0-30) 003- 0-16) 006 012
Heart 8 008 ] o112 9 008
©001-0-11) 0-0)- 0-20) ©-0)- 019
Muscle . 6 - 4 010 3 008
(0-02- 0-16) (0-02- 02)) ©04- 00N
Faecen (ug/g ash) . 3 3849 316l s 16143
(3 46-77-00) (5-30-59-40) (3-15-2300)
Urine (ug/l) . 3 2743 s 39-20
(8-30-50-00) (13-00-71 0
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TissUE LEAD CONCENTRATIONS—ppm WET WEIGHT

TABLE 3
AGE GROUPS—FEMALES

Age (years)
0-9 1049 2029 | 30-39
Tivie .
Mo \fean No. Mean No. Mean No. Mean
{ Range) (Range) {Runge) (Range)
Bone
Petrous temporal s 427 1 75 2 940 2 3 so
(0 25- 6 70) (780-11 00) €17 00-30 00)
T.ba 7 299 1 590 b 146 2 17 %0
(G621 620 (2 50- 6:30) 114 00-21 00}
Calvanum 1] 458 t 520 2 700 2 2230
(1 10- 650) (6:50- 7 50} (12 00-13 00)
Rid 9 248 1 10:00 s 113 2 10-50
(0-0i- 5 50) (1 50- 490) (9-00-12 00)
Haie s 1614 1 860 3 12110 2 518
(7-20-25.00) (7 70-19-00} (1-36- 9-00)
Naus 2 7250 0 2 1300 2 359
(45-00-100-0) (11 00-15-00) (357, 360)
Aora
Atheroma 0 1 014 ! 009 0
Non-atheroma .. 6 034 | 0-26 ) 027 2 044
0-07- 110) (0 07. 0-64) (0-41. 0-4M
Liver 9 063 ! 067 5 0-64 2 043
©10- 1-37 (042- 030 (0-25- 0-6!)
Dense connective tissue
Cartilage 5 029 { 026 2 ol4 0
(0-18- 0-30) (0 08- 0-20)
Ligamentum nuchae 2 034 0 2 03 [
(0-19- 0-48) 0-20- 0-40)
Kidney
Cortex 9 042 ! 037 s 059 2 024
(0-03- 1-20) (0-26- 1-3%) 020 028
Medulia 9 0-29 1 039 s 049 2 019
003- 070 @21- 097 013 0-2¢)
Hilar lymphatics 4 051 4] s 013 2 009
(0-38- 1 60) 10-07- 06%) (003 015
Pancreas 8 025 1 036 b 028 2 018
(0-01- 0:58) 024- 0-33) © 11 018)
Ovary 5 0-34 1 014 s 011 2 0-10
0-10- 1-50) (0-03- 0-34) (0-08. 0-15)
Skin $ 073 ] 2 014 2 023
(0-25- 130) (0-07- 021 (0-08- 0-42)
Spicen 9 012 1 o011 s 011 1 004
(002- 020 (006- 0-14)
—— Lung 9 01s 1 033 ] 019 2 018
002- 032) {0-06- 0-40) (0 14 0-15)
Thyrod ? 028 1 012 s 010 2 013
(0-10- 0:80) {0-04- 0-20) (0-08. 0.1
Blood 6 012 1 025 s 018 2 014
(001. 040) (0-04- 0-32) 0-12- 015
Suprarenal ] 039 1 022 s 014 1 027
(0-14- 1 20) {0-09- 0-19)
Brain
Cortex 3 007 ] 008 ] 006 i 0-08
(0-05- 0-19) (004 007
Basal gangha s 013 [} 3 008 2 009
0 06- 03N 040s- 010) (0-08- 0-09)
Fat
Subcutaneous . . s 048 1 008 2 0-08 004
(0-09- §-30) (0 04~ 0-06) (0-0)- 0-05)
Omentum H 028 1 010 2 0-06 2 06
(0-11- 0:67) (0 0S- 0-06) (0-06- 0-06)
Gut
Caecum 7 018 1 o9 2 006 ]
(0-01- 0-25) (0 0S- 0-06)
M.dgut .. 7 019 1 017 b 007 ]
(003- 0-52) (0-05- 0-08)
Stomach 1 008 1 040 2 007 ]
{0-0)- 0-14) (0-03- 0-08)
Heart 9 008 1 (3% ] H 0-07 2 008
(0-01- 0-14) . 00 013 (0-04- 0-0%)
Muscie 7 010 1 004 2 008 2 003
(0-03- 0-30) (0-04- 0-05) (0-03- 0-0))
Faeces (ug/g ash) [ 2998 1 3100 ] 12-50 1 13-00
(1-70-75 00) (12:50-65-00) (12:00-14-00)
Urine {ug/l) 1 2700 t 36-00 [} 2 12-50
(5-0 -20:000
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Table 3 connnue

ice (reury)
$1-49 fu.59 5049 ‘ .79 PR 91).99
\o. Meun Poso, Meun No Mean N Vean No. \ron No. AMeun
{ Rusnge) {Runee) {Raree) ( Runeger (Runge) (Range)
3 7 2 2200 2 1350 0 3 3333 1 4850
114 00-34 00} 120 00-24 COY 129 00-38 oM (26 00-62 00)
- 10 94 4 1238 8 18 R4 4 19 RS 4 1459 1 48-00
(1 %0-22 00 (4 70-17 10) (7 7143 200 (10 50-43 40) 16 33-42 00
4 1473 : 10 %0 2 1368 0 B 18 07 1 $420
(5 60-31 50 (5 00-16-00) (11 30-1600) (10 70-27 00)
7 392 4 56 [} 316 4 T8 4 8 8% 1 1710
(1 20-10 00) (250- 910} (0-85-22-60) (350-13 1Y (3 60-16-30)
3 397 ] L1 2 28 68 0 3 1627 t 287
(4 70- B 0O (13021100 (2-20-55 00V (0-70-43 00)
1 700 2 150 2 13 1] 2 433 0
(150- 150 (1:30- 5 %0) (200- 670)
4 064 2 89 3 104 1 411 3 n } 160
(0-32- 09%) (036 09N 10-98- 1-10) (0-47. 420)
3 0-38 ) 124 3 2 1 11 3 218 ! 1220
(0-12- 0-88) (0-69- 1-6%) 1098 4100 (146- 330
7 070 4 07 R 0-84 4 051 4 0-$7 1 172
(019- 129) (0-23. 043 (023- t49) (0-33. 0-71) (0-20- 1-00)
3 0-29 2 030 2 9N 0 2 113 o
(0-28- 0300 10-30- 1300 (0-15- 110y 0-51- 179
3 048 2 048 2 020 [ 2 0-33 0
(0 24- 0 86) 0:20- ¢-79) (0-10- 0-10 10-30- 0-36)
7 086 4 G4e3 7 g-52 4 G-43 4 034 t 063
0-37- 220 (0-30- 01N (0-21- 0:38) (0-30- 0-68) 10~I0- 051)
? o o0e ] 023 8 [ X} 4 037 4 1 057
(0-25- 0-70) 13 |1. 0-30) (016 07N (0-26- 0-54) (o lI- oa)
7 04) 3 8 043 4 o7 “ 049 1 0-64
(0-10- 10%) (2 Jz- 0-60) (0:15- 0:81) 0-36- )-200 {0-35- 0:60)
? 026 4 037 ] 02 4 0-26 4 012 ! 043
(0:12. 0-39) (011 0-95) (0-16- 071 (0-13. 0-43) 0-12- 0-25)
+ 0-28 3 043 4 0-26 ! 089 [ 012 ! 109
(. os- 0-62) o Il- 015 (0-05- 0-78) (0-07. 684)
3 016 2 -13 6 013 2 012 2 0-08 o
(0 01. o 10) (2 lo- 0-20v (0-04- 0-15) (0-03. 0-20) (0-07- 0-08)
3 4 018 ] [ 3} 4 0-20 [} 0-36 1 036
0 os~ o M (007 0-28) (0-08- 140) (007- 0-39) (0-€7- 038
? 02) 4 018 8 31 ] 4 033 4 028 l 030
(0-18- 0-300 006 0200 (0-04- 0-30) 0 I6- [ 53} 0-13- 0:33)
6 014 4 016 4 017 3 16 ) 024 1 113
{0 06- 0-26) {0:10-@-22) (007- 027) (o |I 025 (0-06- 0-5%)
[ 017 3 007 1 o119 3 014 2 019 1 0-20
10-06- 0 30) (0-05- 0100 (0-04- 0-41) ({0 07- 0 26) (©-15. 0-22)
5 018 4 018 b] 0-t9 3 4 0-09 1 0-32
(0-06- 0:3%) 10-06- 048) (0-08- 0-2%) [C2 05- o ! (0-08- 0-13)
7 008 3 008 ] 0-27 4 010 4 0-06 1 o3 }
(0:04. 0 18) (0 01- 008) 10-05- 0 67) (0 06- 0'19) (003. G-09
3 1) 3 0-09 2 012 0 ] 012 1 016
(009. 016) (005- 0-13) ©-11-013) (0-06- 0-23)
4 007 2 003 s 006 2 0-06 2 0-06 o
"-03. 0t1) 002- 000 0-02- 016) (0-05- 006} {0:02- 009)
3 00% 2 0-08 2 010 0 2 007 0
(0-05- 0-11) (003. 013) (008- 012) (004- 0-10)
& 0-20 ) 008 8 013 . 017 3 007 0
(003. 068) (003- 00T 004 023) (.2 oz- o 4€) (0-04- 009
6 009 3 008 ] 017 4 3 0-09 [
(0-03- 016} (0-04- O-11) (0-03- 0-48) (oos o 36) 006 013
[ G-t5 3 ot ? 009 4 0 06 3 0-0% [}
(0-03. 042y (003. 028 (006~ 0 1<) (ooz- 0-16) (0 05- 0-06)
7 409 4 0-08 [ 007 4 008 3 a-0§ t 023
0-02- 0-31) {0-04- 0-05) (0-03- 0-t4) {0-05- 0 IAz (003. 00T
[ 007 3 003 8 [ 271 4 008 3 0403 0
001 0-1%) 0-01- 0 0%) (0-02- 010y (0-03. 0-0T) (0-01- 0-00)
6 13-80 2 600 ? 1897 4 1465 3 16-33 1 2} 60
(3-40-19-000 (3 00- 9000 (2:80-30-00) (6:99.32:10) (5-00-31-00)
4 17-00 o t 9000 1] t 7-00 | 12 00
(7-00.26-0)
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FiG. 4. Lead concentrations in soft tissues—non-occupational exposure (95 % confidence limits).

concentrations were considerably lower than those
of adults, varying between 2-16 ppm for rib and 5-80
ppm for the netrous temporal bone. The concentra-
tions of lead in the soft tissues were mostly com-
parable 1o those in corresponding female aduit
tissues; aorta, cartilage, kidney, pancreas, lung,
spieen, and biood had rather lower mean vaiues, and
skin, suprarenal gland, ovary, and fat had higher
values. Also the testes showed mean lead concentra-
tions a little in excess of the mean of the adult
values. .

The concentrations of lead in the tissues of three
age groups of children are shown in Table 5. In eight
infants of less than 1 year of age the mean lead
concentrations in the tissues were all lower than those
in the corresponding tissues of 10 children aged
between 2 and 9 years and of five children aged
between 13 and 16 years. Bone lead concentrations
were similar in the latter two age groups, but the soft
tissue lead concentrations in the children aged 2 to
9 years were higher than in the 13 to 16-year-old

- ———— -

group, with the exception of heart, spieen, and biood
in which the values were comparable.

The mean faecal lead concentration of 14 of the
children was 31:26 ug/g ash (Table 4). On the basis
of an excretion mass of 15 g per day dry weight
(Ter Haar and Aranow, 1974) and an estimated ratio
of ash weight to dry weight of 2:5:1 this would
amount to a mean daily excretion of 187-56 ug of
lead. Chisolm and Harrison (1956) estimated a
normal faecal excretion of lead in children of 132 ug
per day, and Berltrop and Killala (1967) of 123 ug
per day. The mean faecal lead concentration in the
adult subjects with no occupational exposure to lead
was shown to lie between 17 and 8 ug/g ash (Table
1). At an estimated dry weight daily faecal mass
excretion of 40 g, the daily lead excretion of the
adults would approximate to 280 ug, a figure in
accord with the findings of Kehoe (1961) and of
Thompson (1971) for the normal daily excretion of
lead in adulits.

Three of the children in the age group 2 to 9 years

- et v - = " e e e e ———-——— -
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TABLE 4

TissUE LEAD CONCENTRATIONS IN CHILDREN AGED |6 YEARS AND UNDER
(ppm WET WEIGHT)

Tissue No. samples Mean SD Range

Bone

Petrous temporat . . . .. 12 5-80 402 025- 1600

Tiba . . .. . 18 27 194 0-21- 620

Calvarium . . .. .. .. 12 482 232 110- 900

Rib .. . . . 23 216 I 48 001- 550
Hare . . . . . " 10-65 736 230- 2500
Nails .. . . . . s 44-20 3723 6-00-100-00
Aora

Atheroma . . 4 0-07 0-04 003- 011

Non-atheroma . .. .. 14 097 2-59 0-04- 990
Liver .. .. .. . . 23 0-64 0-41 008- 140
Dense connective tissue

Carnlage .. . . .. il 0 018 004- 030

Ligamentum nucha . .. 6 038 033 0:09- 100
Kidney

Cortex .. .. .. . 22 0-43 0-36 00l- |20

Meduila .. . .. . 22 031 024 001- 080
Hilar lymphaucs .. . .. 1] 0-62 049 004.- 160
Pancreas .. .. . . 9 033 017 001- 068
Orary . .. . .. 5 0-54 0-56 0-10- 150
Prosiate .. .. . . 7 0-22 019 0-0}- 050
Skin .. .. . . . il 0-52 0-48 007- 180 .
Spieen .. .. .. . 22 o013 0-06 002- 023
Lung .. .. . .. . 23 014 0-10 0-01- 042
Thyroid . . .. .. 17 0-22 013 0-01- 080
Blood . .. . .. 16 012 0-10 0-01- 040
Suprarenal .. .. . .. IS 030 0-32 0-01- 120
Brain

Cortex .. - . .. 22 0-07 0-08 001- 021

Basal ganglia .. .. .. 12 0-1) 0-08 0-04- 0-33
Fat

Subcutanzous .. .. .. 11 036 038 003- 130
Omentum .. .. .. . 10 018 018 0-05- 0-67
Gut

Caecum .. .. .. .. 16 012 007 0-01- 023

Midgut .. .. .. . 16 014 012 0-03- 052

Stomach .. .. . .. 17 0-07 0-08 001- 020
Testus . . .. .. - .. 7 014 010 0:03- 030
Heart . . - .. . .. 22 0-07 0-05 0-0l- 018
Muscie .. .. .. .. 16 008 0-07 0-02- 030
Facces (ug g ash) .. .. .. 14 31-26 2788 1-70- 77-00
Urine (g ) .. .. .. .. 7 35-90 23-90 83 - 7100

showed a mean faecal lead concentration of 73-33
ug/g ash, equivalent to a mean daily excretion of
440 ug of lead. Exclusion of their faecal values
resulted in a mean faecal lead concentration in the
remaining 11 children from whom faecal samples
were obtained of 20-42 ug/g ash, equivalent to a
daily excretion of 122-52 ug of lead.

The concentrations of lead in the tissues of the
three children with a high faecal lead content were
compared with those of six children less than 8 years
of age, from whom faecal samples were obtained with
a mean faecal value of 12-53 ug Pb/g ash, equivalent
to a daily excretion of 7518 ug of lead. Their
tissue lead concentrations were for the most part in
excess of those of the six children with a low faecal

. — ¢ gt ——— =

s e b ——

lead content. Their soft tissue concentrations were
comparable to adult male soft tissue lead values, but
their bone lead values were much less than those of
adults of either sex, although in excess of those of the
six children with low faecal lead. The raised tissue
lead concentrations observed in the three children
with high faecal lead suggest an excess of lead intake
by ingestion, yvhich probably occurred over a period
of time and may have been associated with pica.
One of the children with high faecal lead, a boy
aged 9 years at the time of death, was mentally
retarded and had suffered from idiopathic hyper-
calcaemia since infancy for which he had been taking
a low calcium diet. Death was due to a cerebro-
vascular accident caused by hypertension. In view of

T .ty - Tty s N - w~
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TABLE §
Tissue LEaD CONCENTRATIONS (ppm WET WEIGHT) IN CHILDREN OF VARYING AGE GROUPS
& infams < | year old 10 children aged 2-9 years 5 children aged 13-16 vears
Tissue (4 of each sex) (5 of each sex) (all male scx)
No. | Mean Range No. Mean Range No. | Mean Range

Bone

Petrous temporal 0 8 473 0-25- 810 4 798 3 40-16:00

Calvarium 0 8 478 1-10- 6-70 4 4 90 ! 90- 9-00

Tibia S 0.91 0-21-1-53 9 370 0'96- 620 4 27N 1-50- 440

Rib 8 1-09 0:01-2-71 10 3-01 0-01- 550 5 218 1 00- 3-30
Aorta | o 9 0-30 0-04. 1-10 b 216 0-04- 9-90
Liver 8 Q0-35 008-1-37 10 0-87 0:44- 140 ] 0-6) 0:34- 092
Kidney

Cortex 8 0-09 0:01-0-22 9 0-70 0-21- 1-20 ) 0-58 0-34- 1-00

Medulla 4 007 0-01-0:22 9 0-49 0:22- 0-80 5 037 Q0-24- 0-63
Hilar lymphatics 1 0-41 6 073 0-04- 1-60 4 0-50 0-10- 0-80
Lung 8 0-06 001-0'18 10 019 0-05- 0-42 s 015 0-10- 0-25
Skin 1 0-10 7 0-63 0-07- 1-80 k] 039 0-15- 0:70
Subcutaneous fat 1 0-28 7 0-42 009- 1-30 b} 0-27 0-03- 0-58
Prostate ! 010 2 0-48 0-45- 0-50 4 013 0-03- 0-25
Pancreas 4 013 0-01-0-31 10 0-38 0-17- 0-68 5 036 0-22- 061
Thyroid 4 013 0-01-0-24 9 0-28 0-07- 0-80 4 017 0-07- 0-26
Suprarenal 3 0-10 0-01-0-14 8 045 0-29- 120 4 015 0-04- 0-27
Spleen 8 o-1o 0-02-0-18 10 013 0-08- 0-23 4 016 013- 02!
Blood 4 003 0-01-0-05 8 014 °  005- 0:40 4 015 0-07- 0-28
Gut

Stomach § 003 0-01-0-06 8 01t 005- 0-20 k] 0-07 0-04- 0-10

Midgue L] 008 0-03-0-08 8 0-20 0i1- 0-52 3 0-14 0-06- 018

Caecum S 0-06 0-01-0-10 8 0-15 0:06- 0-25 ] 013 0-06- 0-20
Bratn cortex 7 003 0-01-0-06 10 0-09 0-03- 0-21 s 0-07 0-02- 0-13
Muscle ] 0-06 0-02-0-13 8 [ a1 0-03- 0-30 3 0-06 0-02- 0-11
Heart 8 0-03 0-01-0:09 9 009 093. 017 s 010 0-03- 018
Faeces (ug/g ash) 2 2:58 1-70-3-46 7 41-43 4-00-77-00 S 28-50 9-00-52-00

the reported association of excessive lead intake and
nephropathy (Nye, 1929; Fairley, 1934; Henderson,
1954 ; Emmerson, 1963), a postmortem report on the
renal pathology would have been of considerable
interest, but unfortunately this was not obtained.
The concentrations of lead in the tissues of this child
approximated to the concentrations in the tissues of
the two other children with a similar faecal lead
content, both female and 2 and 3 years of age
respectively, one of whom had died from asphyxia
in a polythene bag and the other from status
asthmaticus; in neither was there a history of
hypercalcaemia. These findings suggest that the
eievated tissue lead concentrations in the hyper-
calcaemic child were not influenced by calcium
metabolism. The concentrations of lead in the kidneys
of the three children were similar, i.e., 1:05 ppm in
the cortex and 0-80 ppm in the medulla of the
hypercalcaemic child, and 0-74 ppm and 1-20 ppm
in the cortex and 0-73 ppm and 0-57 ppm in the
medulla of the other two children; these values
were in excess of those of the children with a lower
faecal lead content.

=t s et sas & ——r—— - ———— -

Occupational exposure to lead

Seven male adults among the total of subjects
investigated had past histories of occupational
exposure to lead. A further three, for whom no
history of occupation was obtained, showed tissue
lead concentrations that were strongly saggestive
of past occupational exposure, and for this reason
these were included among the occupational
exposure group. Clinical lead poisoning was not
suspected in any of the subjects during life.

The concentrations of lead in the tissues of the 10
subjects are given in Table 6. The mean bone lead
concentrations exceeded those of the non-occupa-
tionally exposed male aduits by about three-fold,
ranging between 85-:50 ppm in the petrous temporal
bone and 29-92 ppm in the rib. Mean soft tissue lead
levels were comparable to those in the unexposed
group, with the exception of aorta, liver, brain,
blood, skin, pancreas, and prostate which showed
higher values.

An age-related comparison of nine of the oc-
cupationally exposed group with 29 unexposed male
subjects, all of whom were over the age of 55 years,

e A B—— P s S Ty L - ——



A comparison of concentrations of lead in human tissues

131

TABLE 6

CONCENTRATIONS OF LEAD (ppm WET WEIGHT) tN TiSSUE OF 10 MALE
ADULTS AGED 29-82 YEARS WITH OCCUPATIONAL EXPOSURE TO LEAD

Tissue No. samples Mean sD Range

Bone

Petrous temporai 2 85-50 6-36 81-00- 90-00

Tibia . 9 74-01 58-60 16:60-221 00

Calvarium 2 59-78 672 55-00- 64-50

Rib 10 2992 1591 8-70- 61-00
Har k] 6567 4461 15:00- 99-00
Nails 3l 2863 15-06 13-90- 4400
Aorna

Atheroma 3 488 4-40 2:10- 998

Non-atheroma L] 993 1269 0-32- 2790
Liver 10 1-93 122 0-87- 510
Kidney

Cortex 10 0-66 056 0-33- 220

Medulla 10 063 0-42 0-23- 160
Hilar lymphatics 8 036 o2 0-02- 0-61
Pancreas 8 0-49 0-37 013 120
Prostate 7 0-52 0-88 0-07- 250
Skin 4 0-53 098 0-01- 200
Spieen 9 0-32 018 0-11- 057
Lung .. 10 0-31 o116 0-14- 064
Thyroid . . 9 0-18 016 0-03- 0-%0
Blood 9 031 019 0-02- 072
Suprarenal 8 018 01s 0-07- 0-52
Brain

Cortex .. 10 063 1-28 0-03- 417
F Basal ganglia. . 3 029 0-28 003- 0-58

at

Subcutaneous s 010 012 oo0t- 030

Omentum 1 0-1S
Gut

Caecum 6 (121 ] 019 003- 044

Midgut 6 o012 0-09 0-03- 022

Stomach ] 010 007 0-04- 0-20
Testis 3 ot 003 0-08- 014
Heart 9 010 o011 0-0l- 035
Muscle .. .. s 0-04 01s 002- 006
Faeces (ug/g ash) 6 2432 13-00 7-40- 52-20
Urine (ug/l) 1 72-0

showed mean bone lead concentrations that were
two to three times greater in the occupationally
exposed group. Mean soft tissue lead concentrations
were comparable, with the exception of the tissues
mentioned above which showed higher values in
the group exposed to lead.

The highest values for tibia, rib, aorta, heart, and
brain cortex were from an individual who had spent
43 years of his life working in a white lead factory.
He had retired from work at the age of 65 and died
at the age of 82 from coronary thrombosis (Barry
and Mossman, 1970). The remainder of his soft
tissue lead concentrations were similar to those of
the non-occupationally exposed group. Exclusion of
his tissues with high values reduced the soft tissue
lead concentrations of the exposed group to leveis
comparable with those of the unexposed group, but
the lead values for rib and tibia remained at more

e e e ~ e o

than double those of the non-occupational exposure
group.

Total body burden of lead

The total body burden of lead was assessea in milli-
grams for each of the groups of adult male and
femaie subjects with no history of occupational
exposure 1o lead, comprising 60 and 36 subjects
respectively, for the group of 10 male adults with
occupational exposure to lead, and for the 23 children
of both sexes under the age of 16 years.

The assessment was made using a table of per-
centages of organ weights relative to the actual body
weight of each subject and also to a standard body
weight of 70 kg (Barry and Mossman, 1970). Where
an organ was missing the mean lead concentration
for that organ in the age group of the subject was
substituted, or failing this, the mean value of the
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organ for the whole group was taken. The skeleton
was represented by the tibia and rib. it being
assumed for purposes of the assessment that dense
bone and erythropoietic bone are present in the body
in a ratio of equal weight.

The total body burden of lead in each group of
subjects is given in Table 7. The mean total body
burden of lead in female adults was less than that of
unexposed male adults, i.e., 103-6 mg compared 10
164-8 mg. The mean soft tissue lead totals were 6-2
mg in female adults and 9-3 mg in male adults. The
lead in bone amounted to 94°%; of the total body
burden in both sexes. of which over 70°; was in
dense bone. At a standard body weight of 70 kg
the difference in the mean total body burden of lead
between the sexes was reduced, i.e., 1189 mg in
female adults and 164-8 mg in male aduits: the
respective soft tissue values were 7-1 mg and 9-3 mg.

The total body burden of lead in children was
much lower than the body burden in either male or
female adults. On a basis of a mean actual body
weight of 23 kg they showed a mean total body
burden of 12-3 mg of lead, which on conversion to a
standard body weight of 70 kg became 37-2 mg. Their
lead in bone accounted for 72% of the total body
burden with small differences between bones. The
mean lead content in the soft tissues was 3-4 mg
on actual weight, compared to 102 mg when
assessed on a standard body weight of 70 kg, a figure
marginally in excess of the equivaient measurement
in adults. In contrast, the content of lead in the
bones of the children was proportionately much less
than in adults.

An age-related comparison of the total body
burdens of lead in children showed a mean lead
content in bone of 1-02 mg in eight infants of less
than | year of age (mean weight 6 kg) compared to
9-36 mg in 10 children aged 2 to 9 years (mean weight
19 kg) and 20-58 me in five children aged 13 to 16

years {mean weight 58 kg). The soft tissues showed
mean lead values of 0-75 mg, 345 mg, and 737 mg
in the respective age groups. The percentage of lead
in the bones of the total body burden of lead in the
three groups was 579 in the infant group and 73%
in each of the other two groups.

When assessed on the basis of a standard body
weight of 70 kg, the bone lead content in the infant
group was less than half that of the other two
groups at 12-95 mg. compared to 32:6) mg and 26-41
mg respectively. The soft tissue lead content in the
infant group was 875 mg, compared to 13-15 mg
and 9-33 mg respectively in the other two groups. The
children aged 2 to 9 years showed the highest lead
content in both bone and soft tissues of the three
groups of children, on a standard body weight
assessment of 70 kg.

The occupational exposure group of 10 male
adults had mean total body burdens of lead over
three times those of the unexposed male group, i.c.,
566-4 mg Pb. compared 10 164-8 mg (Table 7). Of
the total body burden of lead in each group, 97%
of the lead was in the bones of the occupationally
exposed subjects and 94% in the bones of the
unexposed subjects. The mean soft tissue values of
the occupational group exceeded the mean soft tissue
values of the unexposed group at 15:7 mg and 9-3
mg respectively.

A comparison of the occupational exposure and
non-occupational exposure groups of male adults
over the age of 55 years showed the mean total body
burden of lead of the occupational group to be
nearly three times that of the non-occupational
group. i.e., 611-3 mg and 213-9 mg. The percentages
of lead in bone in each group were 97°%, and 96%,
respectively. The mean soft tissue lead values in the
occupationally exposed group were nearly double
those of the unexposed group, at 160 mg and 8-5
mg respectively. When assessed on a standard body

TABLE 7
ToraL Boby BURDENS OF LEAD IN MILLIGRAMS
60 Male edutis 10 Male aduits 36 Female adwits 23 Children
Noa-occupaiions! ¢xpos Occup { exposure
Tissue (meen ectual we 70 ke) ‘Mean actual wi 76 k¢) (Mean actual wt 51 kg) (Mean actual wt 23 kg)
Mean SO Range Mean SO Ronge Mean SO Ranee Meean SD Pange
Bone 1353 8939 2] A.3420 50-8 41121 149-7.1668-0 974 L0 72 121.2374 89 86) 02254
Soft tissue 93] ¥2 2720} 1T 1211 56- 463 62 168 32 97 34 271 0388
Total - 164-8 89-38 272.383 3 S66:'4 414 52 162 4-1691 S 1036 6703 185-2445 1223 111 05337
% Po in bone 944 972 940 s
)
Standard weight 70 ke

t
Sone .. - [ 5073 126:6-1411°4 Iy 19-0-3293 70 33586
Scft tissue .. e AS BDOVE e 144 56 364 ™ 46 10} 10:2 7-1.249
Tow! . .. { 5217 1374-1431°) 1189 29-0-339-2 372 10-4-8)-3
% Pb in bone . . 972 940 ns
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TABLE 8
TotaL Booy BuURDENs OF LEAD (mg) IN AGE GROUPS—NON-OCCUPATIONAL EXPOSURE
Male
Age group -
(actual wt) No. Bone Soft tissues Total %, Bone
Mean Range Mean Range

0-9 9 519 017- 1995 1-82 0-26- 487 7-00 7404
10-19 8 3398 18-20- 88-54 9-86 5-28-19-66 4384 7751
20-29 9 53-25 27:30- 7708 8:95 §-32-11-12 62:20 85-61
30-39 b 121-58 21-98-256-76 877 5171116 130-38 93-27
40-49 9 15194 $7-33.335-56 1§-20 6-51-20-27 163-14 9313
30-359 9 178-43 97:77-342:04 8-57 6-38-11-74 187-00 95-42
60-69 ts 19617 36-40-259-12 788 2:67-13-62 204-02 96-15
70-719 b 174:77 85-81-262-08 936 5-47-10-73 184-13 94:92
80-39 s 256-89 219-64-295-30 9-56 5-56-14:31 266-45 96-41
90-99

(Standard wi 70 kg)

0-9 9 20-58 3-27- 46-54 9-74 7-12-12:65 30-32 67-88
10-19 8 3825 12-51- 97-39 1-16 5-05-21-63 49-41 77-41
20-29 9 54-78 29-28- 84-34 9-26 7-32-12:23 64-01 85-53
30-39 5 11295 2102-256-76 8-02 4-95-11-16 120-97 93-37
40-49 9 13277 35-14-295-29 9-47 6-51-17-84 14224 93-34
50-59 9 170-87 97-59.317-31 829 6-42-10-63 179-16 95-37
60-69 15 210-08 85-08-338-34 8:27 3:33-11-45 21838 96-21
70-79 5 202-38 82:07-320-32 10-66 6-33-13-67 213-04 95-68
80-89 b] Jn 281-28-.385-28 t-is 9-41-14-31 322-86 96-33
90-99

Female
Age group No. Bone Soft tissues Total LA
{acrual ws) nples
Mean Rarge Mean Range

0-9 9 6-00 1-18- 14:16 268 0-69- 579 8-68 69:12
10-19 i 72:35 6-34 78-89 9T
20-29 s 37-58 21-34- 5207 5713 3-34- 778 43-31 85-80
30-39 2 152-88 125-58-180-18 6-51 5-99- 7:03 15939 9592
40-49 7 73-22 12:10-160:16 7-44 5-26- 393 80-66 90-78
50-59 4 8092 31-12-131-13 50 3-35- 653 86-05 94-04
60-69 ] 103-63 27-27-237-37 661 3 18- 9-74 110-24 94-00
70-79 4 114-17 58-57-235-46 5-09 319- 661 11916 9573
80-89 4 145-18 16-25-229-32 339 4:20- 693 150-57 96-42
90-99 1 23697 6-88 243835 9718

(Standard wt 70 kg)

0-9 9 2718 8:13- 58-57 12:65 7-57-24-90 39-83 68:2¢4
10-19 | 79-39 7-19 8678 917
20-29 s 40-48 24-02- 5454 617 5-25- 178 4663 86-77
30-39 2 140-12 115-11-165-16 597 5:49- 644 146-09 95-91
40-49 7 7437 19-01-160-16 777 $-26-10-03 82:14 90-54
50-59 4 92-48 36-03-131-13 5-60 49i- 623 98-08 94-29
60-69 ] 13299 42-84-329-32 839 5-38-10-34 141-38 9407
70-79 4 14974 85-09-287-78 665 5-40- 308 15639 35-78
30-89 4 163-86 *  49-84-242-74 647 4-60- 915 172:3) 96-23
90-99 { 32583 9-46 335-29 9718

weight of 70 kg, the occupational group showed a
mean total body burden of lead of 570-5 mg com-
pared to 226-8 mg in the unexposed group, a ratio
of 2:52:1. The mean soft tissue lead values were
149 mg and 9-0 mg respectively, a ratio of 1-66:1.

\
The total soft tissue body burdens of lead were
greater in the occupationally exposed group than in
the unexposed group, but bone iead body burdens
were proportionately greater still.
The total body burdens of lead are shown on an

ey e - - L NP - -~ ——
S AR N > — EE N OGSO N e e e et arme e



e m e A G S — T

134 P. S. 1 Barry

age-related basis for male and female subjects with
no occupational exposure to lead in Table 8. The
mean bone lead content represented more than 90%
of the total body burden of lead in both sexes in
each age group after the third decade of life. When
assessed against the actual weight of each subject, the
amount of lead in bone ranged from a mean of
5-19 mg in the first decade up to 25689 mg in the
ninth decade in male subjects, and in female subjects
6-00 mg in the first decade up to 163-53 mg in those
over 80 years of age. The mean of the soft tissue lead
values in each age group ranged between 1-82 mg
and 11-20 mg in male subjects, and between 2-68
mg and 7-44 mg in female subjects. At a standard
body weight for all subjects of 70 kg the mean bone
lead content in males ranged between 20-58 mg in
the youngest age group and 311:71 mg in the oldest,
and in females between 27-18 mg in the youngest and
197-85 mg for those over 80 years of age. The mean
soft tissue lead content in males varied between
802 mg and 11-16 mg, and in females between 5-60
mg and 12-65 mg, the higher values coming from the
childhood age groups.

Figure 5 shows, on a basis of actual weight, that
the bone lead content increased with age in both
sexes but more substantislly in the males. The soft
tissue lead content was generally greater in males
and in both sexes showed a regression with a peak

lead content in the 30 to 40-vear-old age group.
followed by a small reduction and a further small
rise after the seventh decade.

Hair and nails

The postmortem studies provided evidence that lead
was concentrated in hair and nails to a greater
degree than in soft tissues in both male and female
adults and in children. Wide variations in lead
concentrations between samples were observed,
particularly in hair.

A comparison of results for male and female adults
and children is shown in Table 9. The mean values
for 65 subjects from whom samples were obtained
were 11-4 ppm in hair and 10-7 ppm in nails. Lead
in hair values of 1 000 ppm in a male adult with
no occupational exposure to lead and 325 ppmin a
female adult were excluded from the above resuits. If
these are added to the total the mean value for lead
in hair becomes 30-8 ppm. In this female subject it
was noted that the initial dark colouration of the
hair became progressively lighter during the pre-
liminary washing process with a detergent solution,
suggesting that a dye, probably containing lead, had
been used during life.

Excluding the two highest values, the mean lead
in hair concentration was lower in 33 non-occupa-
tionally exposed male adults than in 18 female adults
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TABLE 9
LeAD CUNCENTRATIONS IN HAIR AND Naits (ppm) 1N POSTMORTEM SUBIECTS
Male aduirs
Tutal Female adulis Children
Nun-occuparionat Occupanional
exposure exposire
Har
~No. sumpies 65 6Nt 33 134 k) 18 (48] I
Mean [N (30-8) 66 (35-8) 657 1§ (28:0) 107
SD 171 5t 4“6 149 T4
Range 07.99-0 (0-7-1000-0) 10-20-0 (1 0-1000-0) 15-0-99-0 0-7-550 (0:7-3250) 23250
Nails
No. samples 47 28 3 1 5
Mean 107 47 286 56 442
SO 176 3-5 151 42 372
Range 0-7-100:0 0-7-150 13-9-44-0 1-5-15-0 6:0-100-0

'"Two highest hair lead values inciuded in parentheses

at 6-6 ppm and 11-5 ppm respectively. The concen-
trations of lead in nails were lower than in hair and
were less divergent at mean values of 4:7 ppm in 28
males and 56 ppm in 11 females. The mean con-
centration of lead in the hair of 11 children approxi-
mated to the adult female value of 10-7 ppm, but
the mean lead in nails concentration of 44-2 ppm in
samples obtained from five children exceeded
equivalent aduit values by more than eightfold. In
the report by Barry and Mossman (1970) a2 mean
concentration of 19-9 ppm lead was recorded in the
hair of eight living children, which inciuded three
who gave nail samples with a mean lead concentra-
tion of 35-0 ppm.

Baritrop er al. (1974) found significant differ-
ences in hair lead content among two groups of
children living in separate districts with high and low
lead contents in the soil (10 000 ppm and 500 ppm).
Children with pica for soil living in the high soil
lead area showed mean hair lead values of 21 ppm
compared to 16 ppm for children without pica. In
children living in the low soil lead area no significant
difference was noted in hair lead concentrations
between those with pica and those without, i.e., 10
ppm and 9 ppm respectively.

Hair lead concentrations showed no evidence of
regression with age in either sex. Nails showed high
lead vaiues in the young age groups in both sexes,
but by the third decade of life the values had
reduced and showed no evidence of regression
thereafter.

Only three postmortem samples of hair and nails
were obtained from the occupationaily exposed
subjects. These showed mean lead values of 65-7
ppm in hair and 28-6 ppm in nails, both much higher
than equivalent values in non-occupationally exposed

A —" (e g —— >
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adult subjects. Two of the three occupationally
exposed subjects were still actively engaged at work
prior to their deaths, one as a painter and the other
as a scrapyard worker.

To determine whether a correlation might exist
between the conceatration of lead in hair and lead
in blood and urine, 32 adult male lead workers were
examined, whose prime exposure was to inorganic
lead with an additional lesser exposure to organo-
lead. Hair sampies were obtained from each worker
and divided so as to represent hair proximal and hair
distal to the scalp. The samples underwent a triple
wash with detergent solution prior to analysis.

The results showed that hair distal to the scalp
contained higher lead concentrations than hair
proximal to the scalp, at mean concentrations of 517
ppm and 402 ppm respectively. The mean blood
lead concentration was reiatively iow at 30 ug/100 g
blood. The highest value of 67 ug Pb/100 g biood
was within acceptable limits for occupational
exposure (Lane e al., 1968). The mean urinary lead
concentration was 82 ug/litre at a specific gravity of
1-019.

The concentrations of lead in hair were dis-
proportionately high compared to the concentra-
tions of lead in blood and urine. They greatly
exceeded the concentrations in the postmortem
subjects.

There was no correlatior. between lead in hair and
the time cach individual spent in the industry, or
with concentragions of lead in blood and in urine.
Regression analysis showed no evidence of increase
of lead concentration in hair with age. Blood lead
and urinary lead concentrations did not relate to age
nor to the period of time that the individuals were
employed in the industry.
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Discussion

A study of lead concentrations in the tissues from a
series of postmortem subjects has shown a difference
between the sexes and between children and adults.
Male adults were found 10 have more lead in their
tissues than female adults. and in both sexes bone
was shown 10 accumulate lead with age. The
accumulation of lead in bone was far from uniform,
which suggests that the intake of lead in food and
beverages and of airborne lead inhaled during the
course of various occupations at home and at work
varied widely between individuals. An explanation
for the observed difference between the sexes could
be that male adults consume a greater bulk of food
and therefore of lead than female adults, and may
also be involved in a greater variety of occupational
experiences which carry an enhanced exposure to
lead.

The resuits suggest that lead is retained in the
dense bones of the body and does not become
available for subsequent release. Osteoporosis with
decalcification of the skeleton is a common physio-
logical accompaniment of old age. If loss of lead
from bone accompanied decalcification. then it
would be reasonable to expect the lead concentra-
tions in the bones of the elderly, irrespective of sex, to
show evidence of decrease. The findings do not
provide such evidence but tend to support the view
that lead deposited in dease bones does not subse-
quently become mobilized to affect physiological
function irrespective of the effects on body metabo-
lism of disease processes. These observations run
counter to those of Hardy (1965; 1966) who con-
sidered that the mobilization of lead from the
skeleton of the aging may be a cause for serious
concern. A preliminary assessment of our data did
not suggest that a correlation would be found in
respect of tissue lead concentrations and disease
states, or causes of death.

A significant point with respect to any effect
which might resuit from the combined release of lead
and caicium from bone would be the concentration
in bone of lead relative to calcium. At a total body

\,\\5 burden of lead in bone of 220 mg, assessed as the

amount present in a mature man of 70 kg, and of
calcium in the skeleton of -} kg, the ratio of lead
to calcium would approximate to onc part in § 000.
If the amount of lead released from bone was
determined by the rate of release of calcium, then a
concentration of lead in blood sufficient to cause
concern in relation to health would necessitate a
proportionately much larger release of calcium.
Assuming a total blood volume of $ litres, to increase
the concentration of lead in blood from 20 ug/100
ml to 40 ug/100 mi would necessitate an addition of
| mg of lead to the total blood volume. This would
be equivalent to § g of calcium, i.e., 100 mg Ca/100

. - —— i wo

mi blood. a concentration 10 times in excess of
normal biood calcium levels. In considerations of
possible effects of the release of lead from bone in
conjunction with caicium, the large difference in
ratio of lead to caicium in bone should not be over-
looked.

The concentrations of lead in the majority of the
soft tissues appeared to achieve equilibrium during
the second decade of life in both sexes and thereafter
were maintained. irrespective of age or of concen-
trations of lead in bone. The retentive capacity of
bone for lead and its unavailability for release into
soft tissues is exemplified by the findings in the
tissues of the group of occupationally exposed male
adults.

In the case of children the results indicated that
concentrations of lead in their soft tissues approxi-
mated to the values found in adults and in some
tissues exceeded adult values. In contrast, bone lead
concentrations were very much lower than in adults.
These findings suggest that the immature skeletal
structure of children is less able to absorb and
retain lead than is the mature dense bone of adults.
In some measure this might account for a higher
concentration of lead to be found in the soft tissues
of children exposed (o excessive lead intake than in
the same tissues of mature adults exposed to an
equivalent intake, bearing in mind differences of
weight and surface area.

Thompson (1971), in a lead balance study. esti-
mated that individuais retain an average of approxi-
mately 10 ug of lead per day. This would be equiva-
lent to 219 mg of lead retained after 60 years,
virtually the same as the postmortem finding of 218
mg assessed on a standard body weight of 70 kg in
the bones of the group of unexposed male subjects
over the age of 55 years whose average age was 68.
However the accumulation of lead in bone will
depend upon past exposure which may fluctuate
widely in the course of a life span. It is uniikely that a
quantitative assessment of retention can be accurately
determined on a day to day basis.

It has been suggested that the lead content of hair
may represent the level of lead exposure and absorp-
tion to which an individual might have been subjec-
ted (Kopito. Briley,and Schwachman, 1969 ; Hammer
et al., 1971 ; Dakhakhny and Sadik, 1972; Renshaw,
Pounds. and Pcarson, 1972; Weiss, Whitten and
Leddy, 1972; Barltrop et al., 1974). )

The results from the 32 lead workers in the present
study suggest that much of the lead found in hair
came from sources external to the body and was not
representative of the body burden. The facility of
lead for adsorption onto keratin together with the
presence of sulphydril groups in hair which have a
strong affinity for lead would argue that the lead
present in the atmosphere, much greater in a lead
industry than in the general ambient air, may have
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contributed directly to the concentrations of lead
that were found. The difference in lead concentra-
tions between hair proximal to the scalp and hair
distal to the scalp lends support to this hypothesis.

Dakhakhny and Sadik (1972) found that in hair
samples from a group of lead workers, washing with
detergent solution alone was insufficient to remove
all lead contaminating the hair, and they incorpo-
rated a wash with 12} hot nitric acid. The average
of their results was less than 20 ppm of lead in hair
and none exceeded 81 ppm, values very much lower
than those found in oug own group of lead workers.
By contrast the mea.})lead concentration of 61ug/
100g in their group ‘of workers was twice that of
our group. Treatment with nitric acid would appear
to reduce surface contamination to a marked degree
but might also result in a loss of lead from hair that
may have been incorporated by physiological absorp-
tion as opposed to surface attachment.

The concentrations of lead in nails were generally
less divergent and lower than those found in hair
in the group of postmortem subjects., with the
exception of the children where the reverse held
true. Samples were obtained from thiee of the
occupationally exposed maile adults and these
showed higher values for both hair and nails than
the unexposed group.

There did not appear to be a correlation between
the concentrations of lead in hair or nails and the
total body burden of lead in the postmoriem group
of subjects not occupationally exposed to iead. In
their study, Schroeder and Tipton (1968) con-
sidered it doubtful whether hair lead levels reflected
body burdens.

The concentration of lead in hair does not seem to
afford a good parameter upon which 10 base an
accurate estimate of lead absorption. It may provide
broad evidence of environmental exposure of
relatively recent origin, but because of the prob-
ability of the firm adherence of iead from external
sources, hair lead cannot be regarded as a reliable
indicator of lead intake which could supersede the
measurement of lead in blood and urine or of ALA
and coproporphyrin in urine.

The findings in this investigation in which the
study by Barry and Mossman (1970) was extended
by additional data did not differ fundamentally
from those of the earlier report. An exception was the
earlier observation of a biphasic frequency distribu-
tion of lead in the male tibia which was not con-
firmed and did not warrant the expianation put
forward in the original study.

Lead is an inevitable constituent in the body of
man where in soft tissues it is in balance in dynamic
equilibrium, as was demonsirated by Kehoe (1961).
T'.e equilibrium may be altered by change of intake
which may be excessive in the case of workers ex-
posed to lead, and in children among deprived
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families living 1n poor socio-economic circum-
stances in whom the habit of pica may be prevalent.
Chisolm (1971), Sachs (1974), Guinee (1971).
Emmerson (1963). Henderson 11954), Laurer e al.
(1973). and Baritrop (1971; 1972) have clearly
defined those situations which give rise (o a child-
hood risk, practically all associated with the inges-
tion of peeling flecks of lead-containing paint from
the surfaces of old dilapidated houses. Other unusual
causes giving rise to high lead intake include the
drinking of aicoholic and other beverages con-
taminated with lead. the use of cooking utensils and
improperly glazed ceramic tableware containing
lead. the ingestion by children of lead in toys and
exposure 1o the burning of scrap lead batteries, water
supplies contaminated by lead piping, cosmetics and
factory emissions (Conway, 1940; Cantarow and
Trumper, 1944; Travers, Rendle-Short, and Harvey,
1956; Lane and Lawrence. 1961; Morgan, Hartley,
and Miller, 1966; Harris and Elsea, 1967; Walls,
1969; Klein er al., 1970; Hickman, 1970; Beattie er
al.. 1972a; Beattic er al., 1972b; Fugad er a/., 1973;
Martin er al., 1974; and McNeil and Ptasnik, 1974).

The majority of the findings in this report compare
quite closely with those of Tompsett (1936), Morris
(1940), Kehoe (1961), Nusbaum er al. (1965), and
Schroeder and Tipton (1968). They do not suggest
that levels of lead in the environment, with the
exception of unusual circumstances of exposure,
have caused an increase of iead uptake in body
tissues in recent decades. The physiological capacity
of man for the disposal of varying quantities of
absorbed lead would appear 10 be highly developed
and well adapted in protecting him from its adverse
effects. The evidence does not support the conjecture
that present-day levels of lead in the environment
are a cause for concern in relation to the health of

the population in general.

[ wish to acknowledge the invaluable contribution of Dr.
D. B. Mossman who provided the bulk of the tissue
sampies from the postmortem subjects, and the work of
Mr. E. H. Lowe and his staff at the Lostock Green
biological laboratory of The Associated Octel Company
Limited who undertook the analysis of the tissues. |
record aiso my appreciation of Mr. J. F. Church who was
responsible for the statistical analysis of the data, of Miss
B. Baker who provided information on case histories and
occupations of the subjects investigated, and ¢f Mr. F.
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